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ABSTRACT 

A method for reducing the problem Space associated with 
determining intra-network circuit provisioning paths within 
a large communications network by Selecting only a Sub-set 
of the total network nodes, including the Start-node and 
end-node of a communication path by bounding, using one 
of a plurality of predefined shapes having an appropriate 
size, and calculating the best path using only the network 
elements included within the Sub-set of total nodes. 
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FIG. 4 

402 

GA) 
GENERATE NORMALIZED 

REPRESENTATION OF POSITION OF 
NODES (NEs) FORMING NETWORK 

(B) 

405 404 

• 2 AREA 
• CIRCLE 
• ELLPSE 406 • MULTIPLE CIRCLE DEFINE SHAPE OF WINDOW 497 
• RECTANGLE 
• OTHER SHAPES 

408 . . 
t SIZE OF WINDOW • OTHER PARAMETERS 

WAIT FOR OPERATOR INPUT - 410 

RETRIEVE NORMALIZE 
POSITION REPRESENTATION OF 414 
START-NODE AND END-NODE 

CALCULATE WINDOW 418 

SELECT SPARE NETWORK 
RESOURCES WITHIN 420 
CALCULATED WINDOW 

DETERMINE SHORTEST PATH 
BETWEEN START-NODE AND 
END-NODE USING SELECTED 
SPARE NETWORK RESOURCES 

422 

PROVIDE RESULTS TO 
OPERATOR OR MAKE 424 

CONNECTION AUTOMATICALLY 

NEW NO NEW NO (C) 
NODES WINDOW 2 

426 428 YES YES 

CA) CB) 

  

    

    

  



Patent Application Publication Mar. 17, 2005 Sheet 5 of 9 US 2005/0060400A1 

FIG. 5 
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FIG. 6 
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METHOD AND APPARATUS FOR OPTIMIZING 
ROUTING THROUGH NETWORK NODES 

RELATED APPLICATION 

0001. This application is a continuation of copending 
U.S. patent application Ser. No. 09/503,386, filed Feb. 14, 
2000, which is hereby incorporated by reference in its 
entirety. 

TECHNICAL FIELD 

0002 The invention relates to the field of communication 
Systems and, more Specifically, to determining an appropri 
ate communication path between a start-node and an end 
node in a communication System comprising a relatively 
large number of nodes. 

BACKGROUND OF THE INVENTION 

0.003 Telecommunication networks and other networks 
are increasing in both size and complexity. It is anticipated 
that this trend will continue Such that very large telecom 
munication networks (greater than 25,000 nodes) will 
become commonplace in the not too distant future. Unfor 
tunately, as Such networks increase in size, the network 
management function also increases in complexity. This 
means that critical tasks Such as provisioning (allocating 
resources to form a communications link), restoration, rein 
Statement and the like must be completed in a reasonable 
time using network management tools available to a network 
manager at a Single location. 
0004. In a manual provisioning mode, an operator speci 
fies all details of a circuit Such as end points, all links, time 
Slots and all network elements. The manual provisioning 
mode allows the operator to Select a particular circuit for 
routing a communication, Such as a telephone call or other 
communication. However, the manual provisioning mode is 
Slow (the operator must Select all links manually) and error 
prone (the operator may make an error in Selecting these 
links). 
0005. In an automatic provisioning mode the operator 
Specifies end points (i.e. start node and end node) and type 
of circuit needed to provide the desired communication. A 
network manager System responsively examines all of the 
Spare resources available in the network and Selects the 
optimum path for the requested circuit. This automatic 
provisioning mode requires the identification of all spare 
resources Such as channels and communication links from a 
database, the constructing of a graphical or other depiction 
of the Spare resources within computer memory and the 
execution of a shortest path algorithm to find the optimum 
rOute. 

0006 Unfortunately, while the automatic provisioning 
mode is a dramatic improvement over the manual provi 
Sioning mode, the automatic provisioning mode tends to 
have Some drawbackS. Specifically, in an automatic provi 
Sioning mode Such as presently used in the art, the System 
loads all available spare resources (i.e., channels) in the 
network into memory, the details of each of the Spare 
resources being kept in a database of the network manage 
ment system. For a network of 25,000 nodes and average 
connectivity of 10 links per node, 250,000 spares are to be 
loaded from a data base used by the network manager 
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System. This produces the following shortcomings: (1) large 
amounts of data must be retrieved from the data base (e.g., 
250,000 links); (2) large amounts of data must be stored in 
the main memory of a computer or work Station utilized by 
the network operator (data associated with the 250,000 
links); (3) large amounts of time are required to build a graph 
of the network in the computer memory; (4) large amounts 
of time are required to run the Shortest path or optimum path 
algorithm to find the appropriate communications path 
within the network; (5) the size of the program implement 
ing the automatic provisioning task is relatively large, 
thereby requiring more powerful computers in terms of both 
hardware, memory and other parameters which increase 
System cost; (6) due to the large size of the System required, 
the network manager and element manager typically need 
Separate computer Systems; and (7) the data base in which 
resource data is Stored must be "locked' during the above 
described automatic provisioning process, thereby reducing 
throughput of the network management System (i.e., reduc 
ing the number of circuits provisioned per hour by all 
operators using that System). Due to the above disadvan 
tages, network operators most of the time use manual 
provisioning modes in Spite of the disadvantages with the 
manual provisioning mode. 
0007. It is noted that the above disadvantages of the 
automatic provisioning mode are exacerbated by increasing 
the size of the network to be provisioned. 

SUMMARY OF THE INVENTION 

0008. The invention comprises a method for reducing the 
problem Space associated with intra-network circuit provi 
Sioning within a large telecommunications network Such that 
computation complexity and time may be reduced while 
providing appropriate results. 
0009 Specifically, in a system for managing a commu 
nications network comprising a plurality of nodes, a method 
according to the present invention for determining a com 
munication link between a Start-node and an end-node 
comprises the Steps of representing each node within the 
network according to its respective geographic position; 
defining a window comprising the Start-node, the end-node 
and a plurality of intervening nodes, each of the Start-node, 
end-node and intervening nodes having at least one com 
munication link to a respective adjacent node, calculating, 
using the nodes included within the windows, a shortest 
communication path between the Start-node and the end 
node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 depicts a high level block diagram of a 
communications System including the present invention; 
0011 FIG. 2 depicts a high level block diagram of a 
network manager Suitable for use in the communications 
system of FIG. 1; 
0012 FIG. 3 depicts a graphical representation of a 
network having normalized geographic boundaries, 
0013 FIG. 4 depicts a flow diagram of a method for 
provisioning a circuit according to the invention; 
0014 FIG. 5 depicts a flow diagram of a method for 
determining and normalizing the boundaries of a networks 
Suitable for use in the method of FIG. 4; 
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0015 FIG. 6 depicts a flow diagram of a method of 
calculating a window that is Suitable for use in the method 
of FIG. 4; 
0016 FIG. 7 graphically depicts a % Area window useful 
in understanding an embodiment of the invention; and 
0017 FIG. 8 graphically depicts a circular window use 
ful in understanding an embodiment of the invention; 
0.018 FIG. 9 graphically depicts a rectangular window 
useful in understanding an embodiment of the invention; 
0.019 FIG. 10 graphically depicts an ellipsoid window 
useful in understanding an embodiment of the invention; and 
0020 FIG. 11 graphically depicts a double circle window 
useful in understanding an embodiment of the invention. 
0021. To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022. The subject invention will be described within the 
context of a telecommunication System comprising a large 
number of network elements or nodes. However, it will be 
appreciated by those skilled in the art that the Subject 
invention may be advantageously employed in any commu 
nications network in which the determination of an appro 
priate route for communication between a Start-node and an 
end-node must be calculated. Moreover, it will be appreci 
ated by those skilled in the art that any form of communi 
cation may be utilized, Such as telecommunication, data 
communication, Streaming media communication and the 
like. Thus, it is contemplated by the inventors that the 
Subject invention has broad applicability beyond the tele 
communication network described herein. Specifically, the 
Subject invention is applicable to the management of any 
multi-node communication network, regardless of the num 
ber of network elements deployed in the communication 
network or the type of communication linkS utilized by the 
communication network. The Subject invention provides 
Significant advantages within the context of the management 
of a very large network. For example, in the case of a 25,000 
node network, the Subject invention operates to reduce the 
number of communications links to be considered from, 
approximately, 250,000 links to, approximately, 7,500 to 
12,500 communications links. 
0023 The invention advantageously simplifies the num 
ber of networks needed to provide provisioning, restoration 
and reinstatement management Services. Provisioning com 
prises the process of Selecting the Start and end points 
(nodes) of a communication path, Selecting all the nodes and 
linkS connecting the Start and end nodes, finding the “best” 
communication path between the Start and end nodes, and 
generating the commands to each of the nodes within the 
“best” path such that cross connects within the network 
cause the path to be formed such that traffic may flow 
through the provisioned circuit. Restoration is the process of 
Selecting an alternate path in the event of a break in the 
originally provisioned circuit. In response to Such a break, 
commands are generated to cause new network elements to 
create the alternate communications path and to cause 
network elements forming the initially provisioned commu 
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nications path to disconnect. Reinstatement is the process of 
restoring the originally provisioned circuit after the circuit 
break or other anomaly resulting in a restoration proceSS has 
been resolved. 

0024. In a manual provisioning mode, a user or network 
operator Selects, using a graphical user interface (GUI) a 
Start-node and an end-node on a graphically displayed 
network map. The user then Selects each link in a commu 
nications path between the Start-node and end-node and 
Sends a request to a host computer to retrieve a list of Spare 
channels on each Selected link. The list of Spare channels is 
displayed in a table. The user then Selects each channel to be 
used in forming the provisioned circuit. After Selecting 
Sufficient channels to provision the circuit, a request for 
information regarding the available time slots (units) on 
each Selected channel is transmitted to the host. The user 
then selects the required time slots using the GUI. This 
procedure must be repeated for each link in the communi 
cations path to be provisioned, which may comprise up to 80 
links or more. 

0025. After selecting the channel and time slot for each 
link between the Start-node and end-node, the host computer 
arranges the Selected links (i.e., the Selected channel and 
time slot for each link) in the correct order and sends 
commands to each network element which, when imple 
mented, result in the provisioning of the cross-connects and 
other network elements forming the complete communica 
tion path between the start-node and end-node. At this point, 
traffic may flow through the circuit. 

0026. Unfortunately, the above-described manual provi 
Sioning proceSS is extremely unwieldy and almost impos 
sible to use within large networks due to the difficulty in 
picking or Selecting the various linkS presented on a network 
map (too many options or links to choose from). Addition 
ally, the manual provisioning method is interactive, Since the 
Selection of linkS is dependent on the resources available 
form the network manager database. That is, the user may 
Select only those channels and time slots that are available, 
and information pertaining to the availability of these chan 
nels and time slots rapidly changes within the System. 
Additionally, very large amounts of data must be sent 
between the network manager and the graphical user inter 
face, this amount of data increasing exponentially with the 
Size of the network. Finally, manual provisioning cannot be 
used when a network manager is managed by a Service 
manager through which provisioning parameters are 
obtained from the user. That is, the provisioning of a circuit 
is a network management layer function within the telecom 
munications management network (TMN) standards, 
described in more detail in international telecommunications 
unit (ITU) standard documents Such as recommendation 
M.3010 and related documents, which are incorporated 
herein by reference in their entireties. It is noted that the 
TMN functional layerS also include a Service management 
layer which is above, and interacts with, the network man 
agement layer. Therefore, in the case of TMN management 
at the Service management layer, the network management 
layer functions may not be performed manually. 

0027 FIG. 1 depicts a high level block diagram of a 
communications System including the present invention. 
Specifically, the communications system 100 of FIG. 1 
comprises a database 110, a network manager or controller 
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120, a plurality of work stations 130 through 130, (collec 
tively work stations 130) a remote work station 132, a 
communications link 134 and a multi-node communication 
network 140. 

0028. The multi-node communication network 140 com 
prises a plurality of network elements (NE) denoted as 
network elements NE through NE (collectively network 
elements NE). Also depicted is a start-node SN and an 
end-node EN within a window defined in terms of %. Area. 
As will be discussed in more detail below with respect to 
FIGS. 3-11, rather than processing information associated 
with each of the network elements, NE through NE to 
determine the shortest communication path between the 
start-node SN and the end-node EN, the method operates to 
define a Sub-set of network elements (i.e., those bounded by 
a window of predefined shape and size) and process infor 
mation associated with only the Selected network elements. 
In this manner, computational efficiency is dramatically 
increased while providing very good results in terms of 
Selecting appropriate paths for communications between 
start-nodes SN and end-nodes EN. 

0029. The multi-node communication 140 is coupled to 
the network manager 120 via signal path S3. The network 
manager 120 is used to manage various network operations 
Such as the routing of communications and other functions. 
Specifically, in one embodiment of the invention, the multi 
node communication network 140 comprises a large number 
of network elements where each communication to be 
transmitted from a start network element or start-node to an 
end network element or end-node requires the determination 
by the network manager 120 of an appropriate communica 
tions path. 
0030 The data base 110 may comprise a standard mass 
Storage device, Such as a redundant array of inexpensive 
devices (RAID) or other known mass storage device. All that 
is necessary is that the database 110 be able to communicate 
with the network manager 120 in a manner facilitating the 
Storage and retrieval of information, Such as characterization 
and control information pertaining to the multi-node com 
munication network 140. 

0.031) Each of the work stations 130 communicates with 
the network manager 120 Via, for example, a computer 
network. Similarly, remote work Station 132 communicates 
with the network manager 120 via a communication link 
134. In the embodiment of FIG. 1, the remote work station 
132 communicates with communication link 134 via a signal 
path S5, while communication link 134 communicates with 
the network manager 120 via a signal path S4. The com 
munication link 134 along with the signal paths S4 and S5 
form a communication link between the remote work Station 
132 and the network manager 120. It will be appreciated by 
those skilled in the art that more or fewer work stations 130 
or remote work stations 132 may be provided within the 
network management system 100 of FIG. 1. 

0.032 Each of the work stations 130 and remote work 
Station 132 may comprise, for example, a terminal used by 
a network operator to request the provisioning of commu 
nication circuits between Start-nodes and end-nodes in 
response to, for example, requests for Such circuits from 
network users. The work stations 130 and remote work 
Station 132 may also comprise interfaces between network 
System users and customers and the network manager 120. 
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In this embodiment, Speech Synthesis and/or speech-to-text 
technologies are employed to effect a user interface in which 
network management operators may request and receive 
communication links or paths between desired network 
elements. 

0033. The network manager 120 and data base 110 of the 
communications system 100 of FIG. 1 are depicted as 
Separate functional entities. However, it will be appreciated 
by those skilled in the art that the network manager 120 and 
data base 110 may be combined within a single functional 
entity. Thus, the network manager 120 and data base 110 
may be operably combined to form a network management 
apparatus Suitable for managing the multi-node communi 
cation network 140 according to the present invention. 
0034. In one embodiment of the invention, the network 
manager 120 comprises, illustratively, an Integrated Trans 
port Management Network Manager (ITM-NM) manufac 
tured by Lucent Technologies, Inc. of Murray Hill, N.J. In 
this embodiment, the network manager 120 implements 
network management layer functions according to, for 
example, the Telecommunications Management Network 
(TMN) standards described in the International Telecommu 
nications Union (ITU) recommendation M.3010 and related 
documents, which are incorporated herein by reference in 
their entirety. Thus, the network manager 120 is used to 
manage all network elements within the communications 
system 100 of FIG. 1, both individually and as a set of 
network elements. The network manager 120 can include or 
be operatively coupled to various element management 
Systems (not shown) according to the various management 
layer functions described in the TMN standard. 
0035 FIG. 2 depicts a high level block diagram of a 
network manager or controller Suitable for use in the com 
munications system 100 of FIG. 1. Specifically, the exem 
plary network manager or controller 120 of FIG. 2 com 
prises a processor 1204 as well as memory 120-8 for storing 
various network management and control programs 120-8P. 
The processor 120-4 cooperates with conventional Support 
circuitry 120-3 Such as power Supplies, clock circuits, cache 
memory and the like as well as circuits that assist in 
executing the Software routines stored in the memory 120-8. 
AS Such, it is contemplated that Some of the process Steps 
discussed herein as Software processes may be implemented 
within hardware, for example, as circuitry that cooperates 
with the processor 120-4 to perform various steps. The 
network manager 120 also contains input-output circuitry 
120-2 that forms an interface between the various functional 
elements communicating with the network manager 120. 
For example, in the embodiment of FIG. 1, the network 
manager 120 communicates with a database 110 via a signal 
path S1, each of a plurality of work stations 130 via signal 
path S2, the communication network to be managed 140 via 
Signal path S3, and a remote work Station 132 via Signal path 
S4. 

0036) Although the network manager 120 of FIG. 2 is 
depicted as a general purpose computer that is programmed 
to perform various network management functions in accor 
dance with the present invention, the invention can be 
implemented in hardware as, for example, an application 
Specific integrated circuit (ASIC). AS Such, the process Steps 
described herein are intended to be broadly interpreted as 
being equivalently performed by Software, hardware, or a 
combination thereof. 
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0037. The network manager 120 of the present invention 
communicates with the various work stations 130, 132, Such 
as those being used by network operators Servicing custom 
erS requesting Specific connections. 

0038 FIG. 4 depicts a flow diagram of a method for 
provisioning a circuit (i.e., determining the optimum routing 
of a communication link between a Start-node and an 
end-node) according to the invention. The method 400 of 
FIG. 4 may be stored in the network manager or controller 
120 in, for example, memory 120-8 within the portion used 
for storage of various programs 120-8P. The method 400 
receives operator input from the work stations 130 or remote 
work station 132 indicative of a desire to form a commu 
nications link between a start-node SN (or network element) 
and an end-node E (or network element) within the network 
140. The method 400 selects a Sub-set of the network 
elements within the network including the Starting and 
ending network elements, and processes the Selected Sub-set 
to identify appropriate Spare network resources for use in 
forming a communications path or provisioning a circuit 
between the Start node and end node using a shortest path 
routine. This information is then passed to the work Station 
130 or remote work station 132 for Subsequent processing. 
Alternatively, the network manager 120 automatically 
makes the connection between the Start-node and end-node. 

0039. The method 400 is entered at step 402 and proceeds 
to step 404, where a normalized representation of the 
position of each node or network element forming the 
network 140 is generated. It should be noted that step 404 
may be performed once after a network 140 has been 
provided. The normalized representation of the position of 
nodes within the network is then Stored in, for example, data 
base 110. An exemplary method for performing step 404 will 
be described below with respect to FIG. 5. Briefly, as noted 
above with respect to FIG. 3, a network 140 may be 
represented as normalized Easting (E) and Northing (N) 
coordinates. All that is necessary for the practice of the 
invention is that a Suitable representation of the geographic 
position of network elements or nodes, or of the relative 
position of the network elements or nodes to each other is 
provided. In this manner, an appropriate Sub-set of network 
elements or nodes may be selected Such that reduced com 
plexity provisioning circuit calculations may be performed, 
as described in more detail below. After generating the 
normalized representation of the nodes or network elements 
forming the network 140, the method 400 proceeds to step 
406. 

0040. At step 406 the shape of the window to be used is 
defined. That is, at step 406 the shape of the window to be 
used in defining a Sub-set of network elements or nodes to 
be selected for further processing is defined. The shape of 
the window is defined with respect to the shapes provided in 
box 405. Specifically, box 405 provides the following 
shapes: % Area, circle, ellipse, multiple circle, rectangle, 
permutations of the above and other shapes. It is noted by the 
inventors that in the preferred embodiment the % Area shape 
has been found to deliver very goods results. The method 
400 then proceeds to step 408. 

0041 At step 408, the size of the window is defined. That 
is, at step 408 the size of the window. The definition of the 
Size of the window is provided according to parameters 
described in box 407. Specifically, box 407 includes the 

Mar. 17, 2005 

following parameters: percentage of the network, and other 
parameters. It is noted by the inventors that in the preferred 
embodiment a 5% of the network's normalized geographic 
area is used along with the % Area shape previously 
described. The method 400 then proceeds to step 410. 
0042. At step 410, the method 400 waits for operator 
input. That is, at step 410 the network manager 120 execut 
ing the method 400 waits for input from one of the work 
stations 130 or remote work station 132 indicative of a need 
to provision a circuit or otherwise form a communication 
path between a Start-node or network element and an end 
node or network element. The network operator may select 
two particular nodes within the network to operate a start 
node and end-node. The Selection may be performed by 
textually Specifying the nodes, Selecting the nodes using a 
graphical user interface or any other means. Upon receipt of 
that input, the method 400 proceeds to step 414. 
0043. At step 414, the normalized position representa 
tions of the Start-node and end-node are retrieved from the 
data base 110. The method 400 then proceeds to step 418. 
0044) At step 418, the window defining the sub-set of 
network elements or nodes to be Subjected to further pro 
cessing is calculated. That is, a window having the shape 
defined at Step 406 and encompassing the size defined at Step 
408 is calculated based upon the start-node and end-node 
positions retrieved at Step 414. A method for calculating a 
window according to the % Area shape will be described in 
more detail below with respect to FIGS. 6 and 7. Addition 
ally, methods for calculating windows according to the 
circle, ellipse, multiple circle and rectangular shapes will be 
described below. After calculating the appropriate window, 
the method 400 proceeds to step 420. 

0045. At step 420, the spare network resources within the 
calculated window are Selected. That is, those network 
elements or nodes and other communication resources (Such 
as communications links) within the network 140 that are 
within the boundary (or have portions within the boundary) 
of the calculated window are selected to be used for further 
processing. In this manner, Such further processing includes 
only a sub-set of the total number of network elements or 
other resources within the network 140, thereby reducing the 
time and complexity of the further processing. The method 
400 then proceeds to step 422. 

0046. At step 422, the “shortest path” between the start 
node and end-node is determined using the Spare network 
resources Selected at Step 420. In the exemplary embodi 
ment, the Shortest path is determined using the known 
Dijkstra Shortest path algorithm which is described in more 
detail by Cormen et al. in the book “Introduction to Algo 
rithms,” published by MIT Press in 1998. Other algorithms 
may also be used. Regardless of the algorithm Selected, the 
reduction in the Size of the problem Space processed by the 
algorithm enables the algorithm to achieve a very good 
result in a relatively short period of time. After determining 
the shortest path between the start-node and end-node (i.e., 
the intervening nodes and their respective connecting links) 
using the Selected Sub-Set of network resources, the method 
400 proceeds to step 424. 

0047. After selecting each of the nodes or network ele 
ments (or links) at Step 420, an adjacency list representation 
of the network may be formed for subsequent use in the 
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Dijkstra Shortest path algorithm. The adjacency list may be 
used to represent the network and may be generated or 
updated during step 404 of the method 400 of FIG. 4. The 
adjacency list representation utilizes a data Structure denoted 
as NETWORK, which comprises the adjacency list repre 
Sentation of the network to be managed. Additionally, each 
node in the network is represented by a data structure 
denoted as NODE, while each “arc” or communications link 
between nodes is represented by a data Structure denoted as 
ARC. 

0048. The data structure NETWORK comprises the 
maximum number of nodes, maximum number of arcs (or 
links) per node, the number of nodes currently stored in the 
data structure NETWORK and an array of nodes and arcs (or 
links) connected to each node. Each data structure denoted 
as NODE comprises: node number, #nodes adjacent to this 
node (i.e. ifnodes which are connected to this node), length 
of the shortest path determined so far from the start to this 
node, flag to indicate that this node is already Visited by the 
algorithm during the course of Shortest path determination 
and predecessor node in the shortest path. The data Structure 
ARC comprises an index of the node to which the given 
node is connected and length of the arc. The data structure 
NETWORK comprises the adjacency list representation of 
the network: the maximum number of nodes, the maximum 
number of arcs per node, the number of nodes currently 
stored in the data structure and an array of NODEs and 
ARCs connected to each node. 

0049 Dijkstra's shortest path algorithm performs sub 
Stantially the following steps: (1) get the index or location of 
the start-node SN; (2) if the start-node SN is not in the node 
array, then return fail; (3) get the index or location of the 
end-node EN; (4) if the end-node EN is not in the node array, 
then return FAIL; (5) reset the initial values of the variables 
used for the algorithm; (6) initialize the shortest path length 
for the start-node SN to zero; (7) find the next node or 
network element to process (e.g., a node not yet processed 
having its current shortest path length from the Start-node 
SN being minimal); (8) if the currently processed node is -1 
or the minimum is infinity, then return FAIL (there is no 
shortest path); (9) if FAIL not returned at step (8), then 
update the adjacent node's current shortest path length and 
the predecessor node; (10) mark the currently processed 
node as having been processed; (11) if the most recently 
processed node comprises the end-node EN, then the short 
est path has been found; (12) if the shortest path has not been 
found, then return to step (7) to find the next node to process; 
(13) if the shortest path has been found per step (11), then 
traverse the processed nodes forming the path, Starting from 
the end-node and including all nodes within the shortest 
path; (14) arrange the nodes within the determined shortest 
path in reverse order (i.e., from start-node SN to end-node 
EN); and (15) return the determined shortest path to the 
calling function or method. 

0050. At step 424, the shortest path results are provided 
to the operator or, alternatively, a connection between the 
Start-node and end-node is made automatically. In the case 
of an automatic connection, a confirmation of that connec 
tion is provided to the operator providing input at Step 410. 
The method 400 then proceeds to step 426. 

0051. At step 426, a query is made as to whether new 
nodes or network elements have been added to the network 
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140. If the query at step 426 is answered affirmatively, then 
the method 400 proceeds to step 404, where a normalized 
representation of the position of at least the new nodes 
within the network 140 are determined. If the query at step 
426 is answered negatively, then the method 400 proceeds to 
step 428. 

0052 At step 428, a query is made as to whether a new 
window shape or size is to be used for future resource 
Selection. For example, if it is determined over time that 
particular shapes or particular sizes are more appropriate 
than others, the method 400 will adapt the shape and/or size 
of the window used to provide optimal Selection of Spare 
network resources for use in calculations. If the query at Step 
428 is answered affirmatively, then the method 400 proceeds 
to step 406. If the query at step 428 is answered negatively, 
then the method 400 proceeds to step 410, where the method 
waits for operator input. 

0053) The above-described method of FIG. 4 provides 
the general methodology of the Subject invention. AS pre 
viously noted, the normalized representation of node or 
network element position may be determined once and, as 
shown in the above method 400, updated with the addition 
of new nodes. It will be appreciated by those skilled in the 
art that the normalized representation of node or network 
element positions within the network may be performed by 
a method or routine independent of the method or routine 
used to determine appropriate resources to be used to 
provision circuits between start-nodes and end-nodes. Addi 
tionally, it will be appreciated by those skilled in the art that 
the shape and size of windows to be used may be adapted to 
the peculiar topologies of particular networks, measure 
ments of efficiency made during the provisioning of circuits 
and other parameters. Thus, steps 404 through 407 and 426 
through 428 of the method 400 of FIG.4 may be considered 
as optional Steps or modifications to the core method of the 
present invention, which is defined by steps 414 through 
424. 

0054 FIG. 5 depicts a flow diagram of a method for 
determining and normalizing the boundaries of a network 
Suitable for use in the method of FIG. 1. The method 404 of 
FIG. 5 is suitable for use in implementing step 404 of the 
method 400 of FIG. 4. It will be appreciated by those skilled 
in the art that the steps depicted below in FIG. 5 may be 
performed before or during the StepS associated with the 
method 400 of FIG. 4. The method 404 of FIG. 5 provides 
a database of pre-processed information relating to each 
network element or node (and their respective communica 
tion links) within the network to be managed. 
0055. It is assumed that the network to be managed has 
been designed in a Standard manner to provide the required 
capacity, reliability, performance and connectivity appropri 
ate to the customer base and communications infrastructure. 
Moreover, it is assumed that the types of network elements, 
the capacity of the network elements and the geographic 
location of each network element and its interconnectivity 
with other network elements has been decided. Additionally, 
it is assumed that each of the network elements within the 
network to be managed is associated with a respective 
geographical coordinate which may be given in terms of 
Easting and Northing values (based on, for example, geo 
graphic Surveys provided by the government of the country 
in which the network to be managed is located). Alterna 
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tively, the geographic coordinates of each network element 
may be determined using the global positioning System 
(GPS). Other methods for expressing or providing geo 
graphical coordinates for the network elements within the 
network to be managed may be used. The geographic 
coordinates of each network element within the network to 
be managed are used to identify the outer boundaries of the 
network. The outer boundaries may comprise a metropolitan 
area, a State or region within a country, an entire country, a 
plurality of countries or the entire World. To practice the 
invention, it is only necessary to know the outer boundaries 
of the particular network being managed. 

0056. The method 404 of FIG. 5 is entered at step 502 
and proceeds to step 504, where the boundaries of the region 
of interest are determined. That is, at Step 504 the geographic 
boundaries of the network (or portion thereof to be managed 
are determined. The geographic boundaries are defined by 
the geographical coordinates of all of the network elements 
forming the network (or network portion to be managed). 
Thus, the outer boundaries of the network are determined by 
the network elements populating the edge of the geographi 
cal region including the network and/or by the links having 
at least one termination to a node in the network. The 
method 500 then proceeds to step 506. 
0057. At step 506, the Northings and Eastings of the 
boundaries of the region of interest are determined. That is, 
at step 506 the Northings and Eastings (or GPS coordinates 
or other coordinates) of each of the network elements 
asSociated with the edge or boundary of the network to be 
managed are determined. The method 500 then proceeds to 
step 508. 

0.058 At step 508, the location details of all of the 
network elements or nodes within the network are normal 
ized. That is, the boundaries of the network are normalized 
to be -1 to +1. This normalization is shown in FIG. 3, where 
the network 140 is bounded by normalizing boundaries (N1, 
E1), (N2, E1), (N2, E2), and (N1, E2), where N="Northing” 
and E="Easting.” 

0059) The location of each network element within the 
network 140 is normalized according to equation 1 (Easting 
coordinates) and equation 2 (Northing coordinates), which 
are presented below. The method 500 then proceeds to step 
510. 

-2 (equation 1) 
E = (E - E) + 

(E - E) 

-2 tion 2 N = (N - N1) + (equation 2) 
(N2 - N1) 

0060. Where: 
0061 E is the “Normalized Easting” of the network 
node, 

0062 E is the “Actual Easting” of the network node; 

0063 E is the “Actual Easting-1 of the network 
boundary (see FIG. 3); 

0064 E is the “Actual Easting-2 of the network 
boundary (see FIG. 3); 
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0065 N is the “Normalized Northing” of the net 
work node, 

0.066 N is the “Actual Northing” of the network 
node, 

0067 N is the “Actual Northing-1” of the network 
boundary (see FIG. 3); and 

0068 N is the “Actual Northing-2” of the network 
boundary (see FIG. 3). 

0069. At step 510, the normalized Easting and Northing 
coordinates of each network element within the network 140 
to be managed are Stored in the database 110 for Subsequent 
use by the network manager 120. The method 500 then 
proceeds to step 512 where it is exited. 

0070. It should be noted that each time a new network 
element or node is added to the network, the location details 
of that new network element or node are determined and 
normalized using Equations 1 and 2 Such that the database 
110 may be updated with the normalized coordinates of each 
of the new network elements or nodes. In this manner, 
changes made to the network 140 over time may be incor 
porated into the data base Such that processing operations 
used to determine appropriate provisioning or circuit paths 
may be readily calculated. 
0071 FIG. 6 depicts a flow diagram of a method of 
calculating a window that is Suitable for use in the method 
of FIG. 4. Specifically, FIG. 6 depicts a flow diagram of a 
method for calculating a window that is Suitable for use in 
implementing step 418 in the method 400 of FIG. 4. 

0072 The method 418 of FIG. 6 is entered at step 602 
and proceeds to step 604, where the distance (D) between 
the start-node and end-node is determined. The method 418 
then proceeds to step 606. 

0073. At step 606, a control parameter (ö) is computed. 
The control parameter (ö) is a parameter used to control the 
size of the window. The method 418 then proceeds to step 
608. 

0074 At step 608, the control parameter (Ö) and the 
distance parameter (D) are applied to the normalized node or 
network element locations to provide window boundaries. 
0075 FIG.7 graphically depicts a% Area window useful 
in understanding an embodiment of the invention. In the 
case of a % Area window, the control parameter (8) com 
prises the perpendicular distance from a line connecting the 
Start-node and end-node and the nearest point on the bound 
ary of the Selected area. Thus, using the % Area window, the 
network elements or nodes and linkS Selected for Subsequent 
processing by a shortest path algorithm comprise those 
nodes (or links to those nodes) within a distance 8 of either 
the Start-node, end-node or a line of distance D connecting 
the start and end-nodes. Returning to FIG. 7, a start-node 
SN and end-node EN are separated by a distance D. A 
shaded region or window (K) is defined by a distance 6 
around each of the start-node SN and end-node EN and 
straight line between the start-node SN and end-node EN. 
The Outer rectangular boundary comprises the normalized 
representation (-1, -1 to +1, +1) of the entire network 140. 
The window (K) occupies a defined percentage area of the 
normalized network window (e.g., 5%). The inventors have 
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determined that very good results may be achieved using a 
percentage of between approximately 3% and 10%, with 5% 
being preferred. 

0.076. In one embodiment of the invention, a network 
operator Selects a window to be utilized in calculating the 
Shortest path between a start-node and an end-node. That is, 
rather than Simply providing the Start-node and end-node 
information to the network manager 120, the operator of a 
work station 130 or 132 provides information indicative of 
a window to be used in calculating the Shortest path between 
the start-node SN and end-node EN. The operator may, for 
example, highlight a portion of a display of the network Such 
that portions of the network are included in the network and 
portions of the network are excluded from the network. The 
included and excluded portions may be Selected by the 
operator in response to known congestion or bandwidth over 
utilization, bandwidth under utilization, or other factors. 
0077. The network manager 120, in response to the 
Selection of a window K provided by an operator, determines 
the distance (D) and control parameter (Ö) associated with 
the selected window. In the case of a % Area window, the 
control parameter (8) may be determined using equations 3 
through 5 (where KA is the area of the window K). By 
rewriting equation 3 to produce equation 4, the control 
parameter (ö) is provided by equation 5. 

28(D+ 2d) = KA (equation 3) 

40' +26D - KA (equation 4) 

c -D + v D2 + 4.KA (equation 5) 
= — 

0078 Referring to FIG. 7, a node denoted by its coor 
dinate locations (x,y) is shown, where the X-axis is defined 
by a line passing through the Start-node SN and the end-node 
EN, while the Y axis is defined by a line perpendicular to the 
X-axis and interSecting the X-axis at the midpoint between 
the start-node SN and end-node EN. It is noted that the 
coordinate of the node (x,y) is given by the Standard 
rectilinear notation of dx and dy. 
0079. In one embodiment of the invention, the selection 
of spare network resources or links (step 420 of the method 
400 of FIG. 4) is accomplished using the equations 6-22 
(below). These equations are useful in determining whether 
a particular link should be included within the resources of 
the calculated window. Moreover, these equations provide a 
computationally efficient method for determining which 
communications links are within, illustratively, a window 
defined using the above-described % Area method. 
0080. It is assumed that a given point (x, yo) lies within 
a given rectangle if the shortest distance of that point from 
a line joining the Start and end nodes is less than Ö, and the 
Shortest distance of that point from the perpendicular bisec 
tor of the line joining the Start and end nodes is less than 
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0081 where D is the distance between the start and end 
nodes. This is shown in FIG. 6. Several terms used in 
equations 6-22 are defined as follows: 

0082 (x, y) be the normalized location details of 
the Start node of the circuit being provisioned; 

0083 (x,y) is the normalized location details of 
the end node of the circuit being provisioned; 

0084 (Xoyo) is the normalized location details of 
the node at one end of the link under consider 
ation; 

0085 d is the shortest distance between the point 
(Xoyo) and the line joining the start and end nodes 
(x1, y1), (x2y2); and 

0.086 d is the shortest distance between the point 
(x,y) and the perpendicular bisector for the St. 
line joining the start and end nodes (x, y), 
(x2y2). 

0087. Therefore, it can be said that: 

d = a1,xo + bi yo + c 1 (equation 6) 
Where: 

d (equation 7) 
Va2+ b2 

t t (equation 8) 

Va2+ b2 

Cl C (equation 9) 

Va2+ b2 
Where: 

it (equation 10) 

b = -1 (equation 11) 

C = y - win (equation 12) 

Where: 

(y2-y1) (equation 13) 
(x2 - x1) 
Then: 

d2 = a1-xo + bayo + C4 (equation 14) 
Where: 

d3 (equation 15) 
d4 

Wai + bi, 

b3 (equation 16) 
b4 = 

Wai + bi, 

C3 (equation 17) 
C4 

ai + bi, 
Where: 

(x2 - x1) (equation 18) 
C3 3 - (y, y) 

b = -1 (equation. 19) 
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-continued 
(equation. 20) (x2- ) 

(y2 - y1) 
Where: 

(equation 21) 

(y1 + y2) (equation 22) 

0088 To improve computational efficiency, the coeffi 
cients a, b, c and a, b, c are computed only once for 
each provisioned communication because they only depend 
on the normalized locations of Start-node and end-node of 
the circuit being provisioned and do not depend on the 
normalized location details of each link. 

0089. It will be appreciated by those skilled in the art that 
the above-described equations (6-22) describe a computa 
tionally efficient method for Selecting communications links 
for inclusion in the geographic window to be processed. 
0090 FIG. 8 graphically depicts a circular window use 
ful in understanding an embodiment of the invention. In the 
case of a circular window, the center point of the circle is the 
midpoint of a line connecting the Start-node SN and end 
node EN. Thus, using the Single circle window, the network 
elements or nodes and links selected for Subsequent pro 
cessing by the shortest path algorithm comprise those nodes 
within the circle defined by a radius R around the midpoint 
of the distance D, or those linkS connecting to at least one 
of the Selected nodes. 

0.091 FIG. 9 graphically depicts a rectangular window 
useful in understanding an embodiment of the invention. 
The rectangular window is defined as having a width of 2(8) 
and a length of D+28 where D is the distance between the 
start-node SN and end-node EN. 

0092 FIG. 10 graphically depicts an ellipsoid window 
useful in understanding an embodiment of the invention. A 
start-node SN and end-node EN are separated by a distance 
D. The boundaries of the ellipse are defined in the standard 
manner using two foci (SN and EN) as d+d=D+28, where 
d is the distance from the start-node SN to the boundary of 
the ellipse, d is the distance from the end-node EN to the 
boundary of the ellipse, D is the distance between the 
start-node SN and end-node EN and ö is the control param 
eter. 

0.093 FIG. 11 graphically depicts a double circle window 
useful in understanding an embodiment of the invention. In 
the case of a double circle window, the control parameter Ö 
comprises the radius of a first circle having as its midpoint 
the Start-node SN and the radius of a Second circle having as 
its midpoint the end-node EN. Thus, using the double circle 
window, the nodes or linkS Selected for Subsequent process 
ing are those within a distance 8 of either the start-node SN 
or the end-node EN. To insure that a link between the 
start-node SN and end-node EN may be established, it is 
necessary to Select Sufficient intervening nodes. 
0094. It will be appreciated by those skilled in the art that 
the functions of the invention may be described in terms of 
graphical displayS or imageS where an image on a display 
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device is provided in which the entire communications 
network, or portions of the communications network, are 
displayed and graphically processed. However, it is noted 
that Such display of the communication network or portions 
thereof is not necessary to the practice of the invention. 
Rather, descriptions relating to the display of the network or 
portions thereof are merely intended to illustrate the nature 
of the processing. 
0095 Thus, as discussed in more detail above, methods 
and apparatus according to the invention utilize a window 
ing function to define a Sub-set or portion of the nodes, 
network elements or links therebetween. The defined Sub-set 
or portion is then subjected to “shortest path” or “least cost” 
processing to determine an appropriate communications 
link, communications path or communications route 
between a Start-node and end-node included within the 
sub-set or portion of the network being managed. While the 
above disclosure provides for % Area, circular, ellipsoid, 
multiple circle, rectilinear and other window functions or 
shapes, it will be appreciated by those skilled in the art that 
the teachings of the Subject invention may be readily 
adapted based upon the peculiar topology of the network 
being managed. For example, in the case of a network 
having an unusual geographic shape, Such as a network 
Spanning an ocean where two portions of the network being 
managed are linked by a single fiber optic trunk, it will be 
appreciated that a double circle window function may be 
adapted to include only a portion of each of the portions 
divided by the ocean. That is, where a single or very small 
number of communications linkS must be used, given a 
topology of the network being managed, the shapes of the 
window function are adapted to accommodate that shape. 
0096 Although various embodiments which incorporate 
the teachings of the present invention have been shown and 
described in detail herein, those skilled in the art can readily 
devise many other varied embodiments that Still incorporate 
these teachings. AS Such, the appropriate Scope of the 
invention is to be determined according to the claims which 
follow herewith. 

What is claimed is: 
1. An apparatus for managing a communications network 

comprising a plurality of nodes, Said apparatus comprising: 
means for representing each node within Said network 

according to its respective geographic position; 

means for defining a window comprising a Start-node, an 
end-node and a plurality of intervening nodes, each of 
Said Start-node, end-node and intervening nodes having 
at least one communication link to a respective adjacent 
node, and 

means for calculating, using Said nodes included within 
Said window, a shortest communication path between 
Said Start-node and Said end-node, 

wherein Said window includes a predefined percentage of 
the total geographic area occupied by Said network and 
is Selected from the group of shapes consisting of 
a rectangle defined by a line Segment beginning at Said 

Start-node and ending at Said end-node, Said line 
Segment traversing a distance (D) and a rectilinear 
area about Said line Segment, Said rectilinear area 
comprising those nodes approximately within a per 
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pendicular distance (ö) of Said start-node, said end 
node, or Said line Segment between Said Start-node 
and Said end-node, 

a circle having a mid-point equidistant from Said Start 
node and Said end-node, Said circle having a diam 
eter greater than the distance between said Start-node 
and Said end-node, and 

an ellipse defined by the equation d+d=D+26, where 
d is the distance from the start-node SN to the 
boundary of the ellipse, d is the distance from the 
end-node E to the boundary of the ellipse, D is the 
distance between the Start-node and the end-node, 
and 6 is a control parameter. 

2. The apparatus of claim 1, wherein Said predefined 
percentage is in the range of approximately 3-10% of the 
total geographic area occupied by Said network. 

3. The apparatus of claim 2, wherein Said predefined 
percentage is approximately 5% of the total geographic area 
occupied by Said network. 
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4. The apparatus of claim 1 wherein Said means for 
representing each node is a database. 

5. The apparatus of claim 4 wherein Said database con 
tains normalized representations of each node. 

6. The apparatus of claim 1 wherein Said means for 
defining a window is a controller coupled to Said means for 
representing each node. 

7. The apparatus of claim 1 wherein Said means for 
calculating is a controller processing a Selected portion of 
nodes in the network according to a shortest path algorithm. 

8. The apparatus if claim 7 wherein the shortest path 
algorithm in Dijkstra's algorithm. 

9. The apparatus of claim 1, wherein said window is 
defined as a double circle. 

10. The apparatus of claim 9, wherein said double circle 
window is further defined by a radius of a first circle having 
a midpoint at the Start-node a radius of a Second circle 
having a midpoint at the end-node. 

k k k k k 


